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KNOWLEDGE, ATTITUDE AND PERCEPTION ON RADIATION IMAGING 
AMONG CHILDREN’S CAREGIVERS IN THE PEDIATRIC DENTAL CLINIC 
HAEJIN HWANG 
 
ABSTRACT 
Objective: Nuclear medicine provides important clinical information for 
diagnostic and therapeutic purposes. Use of medical imaging has gradually 
increased in the United States and this has raised health concerns about the 
potential future risks associated with radiation exposure in children. While studies 
have evaluated the adverse effects of imaging procedures, there is insufficient 
evidence about communicating radiation risks. The overall purpose of this paper 
is to review radiation risks in pediatric imaging using published evidence by the 
World Health Organization and to evaluate the knowledge and attitude of 
caregivers towards radiation risks in pediatric imaging. Specifically, we aim to 
determine whether an educational brochure improves parental knowledge of 
radiation and/or changes in attitude and perception to allow their children to 
undergo dental radiographs. 
Methods: A prospective sample survey was performed of caregivers who 
presented with their child to the Boston University Pediatric Oral Healthcare 
Center. Parents or legal guardians (18 years or older) who accompanied a child 
were eligible for inclusion and approached for enrollment. Pre- and post-survey 
questionnaires were used to evaluate parents’ or guardians’ level of knowledge 
  vi 
and attitude about the risks and benefits of dental radiographs. Parents were also 
asked their comfort level to allow their child to undergo dental radiographs. After 
completing the pre-survey questionnaire, parents were asked to read the 
English-language informational handout. Statistical analysis was performed 
through Microsoft Excel 2013. Descriptive analysis was conducted to summarize 
the survey responses. 
Results: Among 30 parents who were surveyed, a small proportion (30%) of 
parents were very comfortable with dentist using dental radiographs on their 
child, versus 57% after reading the handout. Results showed that the 
informational handout improved the parental knowledge of risks and benefits of 
ionizing radiation. Most parents indicated that the handout was helpful and they 
reported increased level of comfort and willingness in their children receiving 
radiation imaging during dental treatment procedures. 
Discussion: Educating parents or caregivers through an informational handout 
is a helpful resource in improving their knowledge and in relieving their concerns. 
Informing parents about the risks of ionizing radiation does not change parental 
willingness for their children to undergo dental radiographs. 
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INTRODUCTION 
 
The World Health Organization (WHO) periodically produces publications 
for patients and families on specific topics. In a pivotal report issued in 2016 
(Communicating Radiation Risks in Paediatric Imaging), the World Health 
Organization discusses the importance of understanding the multiple health 
benefits and minimal health risks in pediatric imaging. The use of medical 
radiation saves millions of patients worldwide for both diagnostic and therapeutic 
purposes (Applegate, 2015; Fahey, Treves, & Adelstein, 2011; WHO, 2016; 
Zanzonico & Stabin, 2009). In the recent decade, the field of imaging science has 
been revolutionized, improving not only medicine but also dental care (S. C. 
White et al., 2014; WHO, 2016). However, the report suggests that medical 
imaging procedures need to be optimized so that children are not exposed to 
unnecessary diagnostic imaging procedures (WHO, 2016). This report 
accentuates the need for a concerted effort by health care professionals to 
improve radiation risk communication for the greatest possible benefit of pediatric 
imaging with the lowest possible risk (WHO, 2016). 
 
Overview of radiation  
Radiation is transmission of energy in the form of waves or particles 
through a body or space. Ionizing radiation is produced by particles that have 
high-energy. This can produce ionization or biological changes when introduced 
into tissues or organs (Brody, Frush, Huda, & Brent, 2007). It involves the 
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administration of radiopharmaceuticals, which give off gamma rays, to patients to 
allow them to distribute in their body (Fahey et al., 2011; WHO, 2016). This 
emission is determined with nuclear medicine imaging equipment (WHO, 2016). 
It includes the X-ray (or radiograph), fluoroscopy, and Computerized 
Tomography (CT) scans (Applegate, 2015). This is in contrast to non-ionizing 
radiation, radiation that consists of low-energy particles such as radio waves, 
microwaves and visible light (WHO, 2016). 
Radiation in the form of X-rays was initially developed in the late 1800s 
(WHO, 2016). During the twentieth century, a rapid expansion of the applications 
of radiation in medicine, industry, agriculture and research has taken place 
(WHO, 2016). In particular, the current greatest human-made source of radiation 
exposure is the use of medical imaging (UNSCEAR, 2011). The immense growth 
of nuclear medicine is due to its ability to provide qualitative and quantitative 
information for diagnosis and treatment of many pediatric disorders (Treves & 
Taylor, 2007). If the medical imaging methods are performed accurately in an 
appropriate setting, the benefits of these procedures very far outweigh the 
potential risks (SNM, 2012). In particular, pediatric nuclear medicine is commonly 
used to obtain sufficient clinical information of many pediatric disorders (Fahey et 
al., 2011; Treves & Taylor, 2007). Although many studies show that the 
appropriate use of nuclear medicine saves lives, there has been increasing 
concern about radiation and medical imaging methods from both medical 
professionals and patients (Applegate, 2015; Smith-Bindman, Miglioretti, & 
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Larson, 2008; Treves, Falone, & Fahey, 2014). It is important for health care 
professionals to consider the potential future risks and protect the public, 
especially children, from them (Thomas et al., 2006; Treves et al., 2014). Despite 
the widespread use of nuclear medicine, the deliberations of both the public and 
regulatory agencies have generally not focused on the exposure of children 
(Balter, Zanzonico, Reiss, & Moses, 2011; Fahey et al., 2011). 
 
Trends in medical imaging 
Utilization of medical imaging continues to steadily increase in the United 
States (U.S.), with an increase from 1950 to 2007 (Mettler Jr et al., 2009; NCRP, 
2009). Compared to the background radiation, the largest increase in exposure 
to ionizing radiation in U.S. involves medical procedures (Bolus, 2013). In the 
1980s, medical exposure has accounted for 15% of all exposure; however, in 
2006, it has increased to 48% of all exposure (Bolus, 2013; NCRP, 2009). This 
dramatic increase in the number of annual medical imaging procedures 
performed has led to an increasing ionizing radiation dose to the patients (Bolus, 
2013). Simultaneously, there are increasing concerns about the potential health 
effects associated with current levels of radiation exposure. Childhood exposure 
is especially concerning, because developing organs of children are more 
radiosensitive than those of adults (NRCNA, 2006). A 2008 report from the 
United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) found that the total number of diagnostic medical examinations 
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increased to more than 3.6 billion between 1997 and 2007, with about 350 million 
examinations performed in children below 15 years of age (UNSCEAR, 2000, 
2010). Chest radiographs represented 40% of all imaging procedures performed 
worldwide, with 9% of these being performed in children (UNSCEAR, 2010). This 
data shows that that a significant portion of medical imaging in the U.S. is done 
on children.  
In particular, the utilization of CT has increased approximately 239% from 
1993 (Bolus, 2013; Brenner, Elliston, Hall, & Berdon, 2001; Donnelly, 2005; 
NCRP, 2009). It is important to note that the average dose per CT scan 
(1.47mSv) is much higher than that of other medical imaging technique such as 
conventional radiography and fluoroscopy (0.33 mSv) (Mettler Jr, Huda, 
Yoshizumi, & Mahesh, 2008; NCRP, 2009). The number of CT procedures per 
year in U.S. has risen from 3 million in 1980 to 62 million in 2006 (Bolus, 2013; 
NCRP, 2009). About 11 % of all CT scans in the United States are performed in 
children (Linton & Mettler Jr, 2003). In a study by Dorfman et al. (2011), the 
review of health insurance records of children has indicated that 42.5 % of the 
children received at least 1 (Dorfman et al., 2011). On average, a child is 
estimated to receive 7 medical radiographs by the age of 18 (Fahey et al., 2011).  
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Dosimetry of radiation 
 Knowledge of radiation dosimetry, and the different impact between 
children and adults is crucial in understanding the potential benefits and risks of 
medical radiology on individuals (Fahey et al., 2011). The amount of energy 
absorbed per unit mass in the exposed tissues and organs is defined as radiation 
dose (WHO, 2016). The absorbed dose is the amount of energy deposited in 
tissues or organs per unit of mass, expressed as the unit Gray (Gy), where one 
gray (Gy) is the absorption of 1 joule (J) of radiation energy by 1 kg of matter 
(Brody et al., 2007). It is used for all types of ionizing radiation. The equivalent 
dose is defined as a given type of radiation by using a radiation-dependent 
weighting factor to express potential future risks due to exposures to different 
radiation types (Picano, Vano, Domenici, Bottai, & Thierry-Chef, 2012). The 
effective dose (E) is defined by a weighted sum of the equivalent dose to the 
other body tissue or organ where 𝐻𝑇 is the dose equivalent to organ  𝑇 , and 𝑊𝑇 
is the specific weighting factor for organ 𝑇 (McCollough & Schueler, 2000; Treves 
& Taylor, 2007; WHO, 2016): 
𝐸 = ∑ 𝐻𝑇 𝑊𝑇  
The unit for both equivalent and effective dose in the System International (SI) 
nomenclature is the Sievert (Sv). For diagnostic imaging, it is often used in terms 
of millisieverts (mSv). Also, the effective dose considers the biological effects of 
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radiation by multiplying the gray (Gy) by a quality factor (Brody et al., 2007). 
 
Sources of radiation exposure 
Exposure to small doses of radiation is a natural and constant part of living 
in the earth’s environment (WHO, 2016). For the world population, the average 
annual radiation exposure from all sources is approximately 3 mSv/year per 
person (UNSCEAR, 2010). Although the natural background radiation levels vary 
due to geological differences, the primary background source of ionizing radiation 
is radon and other naturally-occurring radiation sources in homes, accounting for 
80% of annual dose (Bolus, 2013; WHO, 2016). On average, 20% of annual 
dose is due to the medical use of radiation (WHO, 2016).  
In U.S., the average annual radiation exposure from all sources is 
approximately 5.5 mSv/year per person (Mettler Jr et al., 2008). Fig.1 shows the 
exponential increase from exposure in medical imaging of U.S. population.  The 
primary background radiation, radon (2.4 mSv), accounts for 33% of exposure 
(Mettler Jr et al., 2008). By 2006, radiation exposure from medical imaging (3.0 
mSv) has become the largest non-natural contributor to human exposure, 
accounting for 50% of total exposure (Mettler Jr et al., 2009; NCRP, 2009). In 
particular, medical CT scans alone contributes 49% of the total radiation 
exposure (NCRP, 2009). Furthermore, in a study by Dorfman et al. (2011), 5.8 
million children younger than 18 years would be expected to undergo at least 1 
medical CT scan during a 3-year period, nearly 2.6 million with 2 or more CT 
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scans. On average, a child in this study population received 0.86 CT scans by 
the age of 18 (Dorfman et al., 2011).  
 
Figure 1. Average annual radiation exposure of U.S. population. Estimated 
annual per capita adult effective dose in United States. Chart on left illustrates 
distribution of effective dose in 1980–1982. Chart on right shows distribution in 
2006 (Fahey et al., 2011; Mettler Jr et al., 2009). 
 
Although the use of medical imaging has been invaluable for health care 
professionals, patients are poorly informed about the concept of the radiation 
dose and risk associated with imaging procedures (Lee, Haims, Monico, Brink, & 
Forman, 2004; Thornton et al., 2015). Potential increases in future cancer risk, 
attributable to the rapid expansion in CT use have been estimated; however, 
there has not been direct studies of cancer risk in patients who have undergone 
CT scans (Frush, Donnelly, & Rosen, 2003; Pearce et al., 2012). According to 
Lee et al. (2004), only 3% of adult patients who received an abdominal CT in the 
Emergency Department understood there was an increased malignancy risk. In a 
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study by Larson et al. (2007), only 13% of parents understood that there is a risk 
that the radiation associated with CT might increase the cancer risk. Some 
researchers believe that parental desire for a rapid diagnosis is contributing to 
the increasing use of CT in children and is occurring without their full 
understanding of potential risks (Linton & Mettler Jr, 2003). It is of the utmost 
importance that patients and their families understand the benefits and risks of 
medical imaging methods, so the appropriate imaging procedures and optimal 
care can be accomplished (WHO, 2016). 
 
Health effects of radiation exposure 
 Humans are exposed to ionizing radiation from both natural and human-
made sources. Due to the ionization of atoms of biomolecules, ionizing radiation 
causes changes in the structure and function of molecules, including DNA, within 
the cells of the body (NRCNA, 2006). According to the UNSCEAR, two different 
types of effects are shown in organs and tissues exposed to radiation 
(UNSCEAR, 2012). These effects are categorized based on their latency period 
and characteristic after the radiation exposure (Elgazzar & Kazem, 2015).  
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Figure 2. Biological effects of radiation exposure. (Elgazzar & Kazem, 2015). 
 
 Deterministic effects are health effects that are caused by cell death. 
Effects of this type can be observed clinically and is characterized by a higher 
dose than the threshold (Elgazzar & Kazem, 2015; ICRP, 2012; UNSCEAR, 
2012). Examples are acute radiation syndrome, skin redness, hair loss and 
cataract (WHO, 2016). In contrast, stochastic effects are initiated by alteration of 
cells, especially DNA. If the mutated cell is a somatic cell, mutation could lead to 
a malignant tumor. If the mutated cell is a germ cell, it may cause a hereditary 
effect (Domenech, 2017). Compared to deterministic effects, there is no 
threshold value with stochastic effects (Okano & Sur, 2010). The consequences 
of stochastic effects can be observed after a long latency period (IAEA, 2004; 
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WHO, 2016). Hereditary diseases manifest due to the DNA modification. The 
BEIR VII (2006) report concludes that, at low doses of radiation, the genetic risks 
are very small compared to the baseline frequencies of genetic diseases in the 
population. 
 
 
 
Figure 3. Radiation effect on the whole body system. Both deterministic and 
stochastic pathways affect the body due to the radiation exposure (Domenech, 
2017). 
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A comprehensive review of literature supports a “linear-no-threshold” 
(LNT) risk model, and radiation protection guidelines are based off this theory. 
This model assumes that any level of radiation is harmful and that the risk 
increases linearly even with increments of low dose (Brenner, 2002; Brenner et 
al., 2001; Brenner & Hall, 2007; Chodick, Ronckers, Shalev, & Ron, 2007; 
Johnson et al., 2014; NRCNA, 2006). There is not a threshold below which the 
cancers are not induced; however, the number of radiation-induced cancers are 
small at low doses (NRCNA, 2006). Also, it may activate the repair process by 
stimulating or inhibiting the production of enzymes at low doses (Ernst, Freed, & 
Zametkin, 1998). Another repair process is radical detoxification by removal and 
intoxication of toxic radicals (Ernst et al., 1998; UNSCEAR, 2012). 
 
Figure 4. Relationship between probability and severity of cancer risks with 
radiation dose. (Domenech, 2017). 
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Other than cancer, radiation exposure has been shown to increase the 
risk of cardiovascular disease and benign tumors (NRCNA, 2006). However, data 
is inconclusive to quantify these risks. Furthermore, it should be noted that high 
doses of activity do not lead to improved diagnostic sensitivity or accuracy and, 
conversely, very low doses that result in a proper examination should be 
considered unnecessary radiation exposures (NRCNA, 2006; Treves & Taylor, 
2007). 
 
Radiation exposure in children 
Minimizing radiation dose while imaging children is a topic that is 
continuously investigated in the pediatric imaging community (Donnelly & Frush, 
2001). For the radiopharmaceutical dose, there is a difference in potential future 
risks from radiation exposure to children from that to adults. The Life Span Study 
has demonstrated that children have a significantly higher risk than adults for 
several reasons (Preston et al., 2008). First, children are more radiosensitive due 
to the continuous growth and maturation of tissues and organs (Brenner, 2002; 
Preston et al., 2008). Second, radiation exposure may increase a potential risk of 
cancer later in life because children have a longer life expectancy after the time 
of exposure (Mathews et al., 2013; Schauer & Linton, 2009). For example, 
children may face potential cancer risks at a repeated low-dose exposure in 
routine medical imaging (Mathews et al., 2013). Research has also shown that 
cancer occurrence in children is more variable than in adults and depends on 
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tumor type, child’s sex and age at exposure (WHO, 2016). Compared to adults 
over 65 accounting for 60% of cancer, only 35% of cancer are associated with 
increased radiosensitivity in children (Kahana, Deimling, Rose, Bowman, & 
Miller, 2006; UNSCEAR, 2012). Specifically, children who are under 10 and 
female are particularly susceptible to radiation (Douple et al., 2011). Similarly, it 
has been found that adolescent girls undergoing breast development have higher 
breast radiosensitivity at higher doses compared to adults. Adolescents also 
have higher thyroid radiosensitivity at high doses (UNSCEAR, 2012). 
Furthermore, the rate of CT use increases throughout pediatric years and is the 
highest in the adolescent population (Dorfman et al., 2011). This data is in line 
with research showing that developing organs have increased susceptibility to 
radiation.  
 
Dental radiology 
 Although individual doses from radiographic procedures in dentistry are 
relatively low, it is routine to perform radiographic procedures during dental 
appointments (Alqerban, Jacobs, Souza, & Willems, 2009; Iannucci & Howerton, 
2016; Martínez Beneyto, Alcaráz Baños, Pérez Lajarín, & Rushton, 2007; Mettler 
Jr et al., 2008; Okano & Sur, 2010). Dental radiograph reflects 13% of all imaging 
procedures, however this does not include the use of cone-beam CT (CBCT) 
(UNSCEAR, 2010). Studies have shown that 43% periapical radiographs and 
42% panoramic radiographs are routinely used to screen new patients without 
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the presence of clinical symptoms (ADA, 2006; Rushton, Horner, & Worthington, 
1999). Furthermore, the collective effective dose from medical radiography can 
be reduced about 30% by avoiding unnecessary exposure (Martínez Beneyto et 
al., 2007; Schauer & Linton, 2009). Yet, the extent of parental awareness of 
potential future risks associated with imaging procedures in a pediatric dental 
setting remains relatively unknown.  
In dentistry, CBCT is a relatively new practice, resulting in substantially 
higher doses compared to panoramic radiography (European Commission, 2012; 
NCRP, 2009). In 2006, about 500 million intraoral bite-wing X-rays and full mouth 
radiographs are performed (Schauer & Linton, 2009). In comparison with medical 
imaging procedures, the effective dose in dental radiography is relatively low 
(Table 1). 
Table 1. Average effective dose (E) of routine medical and dental diagnostic 
procedures. Average effective dose for medical diagnostic procedures are 
compared with that of dental imaging methods (Mettler Jr et al., 2008). 
Typical effective dose routine medical and dental conventional 
radiography and computed tomography  
Diagnostic procedure Average effective dose (mSv) 
Conventional X-ray procedure 
Skull 0.1 
Chest 0.02 
Abdomen 0.7 
Computed tomography 
Head 2 
Chest 7 
Abdomen 8 
Dental examination 
Intraoral radiography 0.005 
Panoramic radiography 0.01 
Cone-beam CT 0.2 
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Intra-oral bite-wing X-rays and panoramic radiography are classic imaging 
methods in the field of dentistry. The average effective doses associated with 
intraoral bite-wing x-rays (0.005 mSv) or extraoral panoramic imaging (0.01 mSv) 
are substantially lower than those typically provided by conventional head CT (2 
msV) (Mettler Jr et al., 2008; S. C. White et al., 2014; WHO, 2016). Compared to 
conventional CT, panoramic radiography allows for relatively lower radiation 
exposure, lower cost, less patient chair time and more availability (Alqerban et 
al., 2009). However, there has been recent concern about risks associated with 
these procedures in dentistry (Lin et al., 2013). For example, studies have shown 
that excessive exposures to dental imaging procedures are associated with 
intracranial meningioma, salivary gland tumor and thyroid cancer (Claus et al., 
2012; Longstreth et al., 2004; Memon, Godward, Williams, Siddique, & Al-Saleh, 
2010; Neta et al., 2013; Sc White & Mallya, 2012). Although these findings are 
inconclusive, the contribution of dental exposure to overall radiation exposure is 
increasing in U.S. (NCRP, 2009). 
The number of CBCT utilization in dentistry has been increasing which 
results in significantly higher absorbed doses compared to panoramic 
radiography (Tsiklakis, Syriopoulos, & Stamatakis, 2004). Modern CBCTs allow 
shorter scanning time than the time required for the conventional CT (Cohnen, 
Kemper, Möbes, Pawelzik, & Mödder, 2002; Tsiklakis et al., 2004). Also, it 
provides a high resolution with low cost (Scarfe, Farman, Sukovic, & others, 
2006). Although the reported range of effective dose for dental imaging 
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conducted on CBCT (< 1 mSv) is lower than that of conventional head CT (2 
mSv), there is evidence suggesting a need for the application of as-low-as-
reasonably achievable principles (ALARA) to maxillofacial volumetric imaging 
(Ludlow & Ivanovic, 2008; Pauwels et al., 2012; Rottke, Patzelt, Poxleitner, & 
Schulze, 2013; WHO, 2016) 
 
Risk & benefit dialogue 
Pediatric health care professionals play an important role in 
communicating health knowledge to children and their caregivers. Unfortunately, 
patients often do not receive information on the risks and benefits of diagnostic 
imaging examinations that involve the use of ionizing radiations (Brenner & 
Hricak, 2010; ICRP, 2012; Lee et al., 2004; NRCNA, 2006). As health care 
professionals attempt to better understand the safety issues of medical radiation, 
particularly in children, providing information to parents regarding radiation risks 
is important in improving dentist-patient communication (Bulas, Goske, 
Applegate, & Wood, 2009). In a study by Thornton et al. (2015), it has concluded 
that there is a substantial gap between patient expectations and current practices 
for providing information about ionizing radiation used in medical imaging. It was 
found that patients want basic education about which imaging examinations 
involved the use of ionizing radiation and how doses compared among them; 
however, knowledge of the risks would not alter their decision to proceed with a 
recommended test (Thornton et al., 2015). 
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 A major goal of radiation risk communication is to ensure that patients, 
parents and caregivers receive the information they need in a way that they can 
make informed decisions (Dauer et al., 2011; McCollough & Schueler, 2000). 
They need sufficient and straightforward information to understand the imaging 
care being performed (WHO, 2016). Since pediatric imaging involves a broad 
age range, it is critical to consider these age-related differences while developing 
communication strategies (WHO, 2016). An important barrier to recognize is that 
most patients want their own doctors to educate them about ionizing radiation 
concerns, yet they believe this type of discussion cannot occur due to time 
pressures in the clinic (Thornton et al., 2015).  
Insufficient awareness and understanding of radiation protection issues by 
healthcare professionals presents a challenge in communicating the benefits and 
risks (Puri et al., 2012; Thomas et al., 2006). As effective communication with 
patients and caregivers is increasingly recognized as critical to care, it is 
important to ensure that all health care professionals have sufficient education 
and resources to communicate clearly and effectively (WHO, 2016). Research 
has shown that there is widespread underestimation of doses and risks (Lee et 
al., 2004; Thomas et al., 2006). Lee et al. (2004) has indicated that 75% of 
physicians underestimated the appropriate range for the equivalent number of 
chest radiographs for a CT examination. Also, a study by Treves et al. (2008) has 
confirmed a great variation of radiopharmaceutical administered doses among 13 
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specialized pediatric hospitals. These studies emphasize the importance for 
radiation safety education for both health care professionals and the public. 
 
Aim and significance of present study 
The evidence from the literature is insufficient on the education of 
radiation safety, specifically in pediatric population, thus highlighting the 
importance of communication between health care professionals and parents. 
Many studies have confirmed a lack of patient awareness of the potential risks of 
ionizing radiation.  
The purpose of this study is to assess knowledge of dental radiograph-
associated dose, benefit and risk, and to improve parental understanding and/ 
attitude so as to allow their children to undergo necessary dental radiological 
examinations, through a cross-sectional study.  
 
 
 19 
METHODS 
 
Study population 
 Parents or guardians of children under 18 years of age who were patients 
at the Pediatric Oral Healthcare Center Boston University Goldman School of 
Dental Medicine (BUGSDM) were included in this survey research study. From 
February to March 2017, the parents/guardians were recruited while their 
children were receiving treatment or consultation. Only parents/guardians of 
children under 18 years old and those who were comfortable with the English 
language were included.  
Parents of the patients with serious trauma or in serious discomfort were 
excluded to avoid putting any patients at risk of delaying urgent care. Prospective 
parents or guardians who met the inclusion criteria were approached while 
waiting in the reception area for the child’s appointment. Verbal informed consent 
(Appendix 1) for the survey was administered with the option of providing a 
written informational form that states that the parent has participated in a survey 
study regarding awareness of radiation dose and that includes the contact 
information of the Pediatric Oral Healthcare Center at BUGSDM. 
 
Survey methods 
The questions and estimates of radiation exposure and potential future 
risks are based on information from the relevant literature, and input from two 
pediatric dentists with survey and content expertise (Mettler Jr et al., 2008; WHO, 
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2016). Pre- and post-questionnaires are provided to each study participant to be 
completed before and after reading the informational handout. 
The questionnaires and handout were administered during the time the 
parents/guardians are waiting while their children undergo consultation or 
treatment. Only one parent or guardian was asked to complete the pre- and post-
questionnaire for each child undergoing dental treatment. 
First, the parents were approached and a brief summary of the study was 
described. Following their verbal consent, a pre-test survey (Appendix 2) was 
administered regarding radiation imaging among children. Parents are 
encouraged to answer the written survey to the best of their abilities. The 
parent’s race/ethnicity and gender were recorded for demographic data. Once 
they completed this short survey, an interactive discussion was conducted with 
the parents/guardians using an informational handout (Appendix 4) regarding 
dental radiography-related radiation dose and risks to children. It also included 
introduction of a mobile application, Medical Imaging Risk (Appendix 5). This app 
is designed to inform and educate the patient community about the radiation that 
various imaging methods elicit. Following this a post-test questionnaire 
(Appendix 3) was administered to evaluate the parent’s level of understanding, 
participation and attitudes towards radiation imaging among children.  
For the pre-questionnaire, parents are asked whether or not any child has 
received a dental radiograph and if they believe that electronic devices such as 
smartphones produce harmful radiations. For these two questions, parents are 
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allowed to answer only “yes” or “no.” In addition, parents are asked their 
willingness or level of comfort to have their child undergo dental radiographs and 
their knowledge regarding the benefits and risks of radiation.  For the purpose of 
this study, we refer “not comfortable/confident” as score 1; “somewhat 
comfortable/confident” as score 2; “very comfortable/confident” as score 3. 
After reading the informational handout, the post-questionnaire has all of 
the same questions from the pre-questionnaire. In addition, it asks parents 
whether or not the handout helped in understanding radiations and they still have 
concerns regarding the dental radiographs. These two questions are answered in 
“yes” or “no.” The four questions of the pre-questionnaire are identical to the first 
four questions of the post-questionnaire. The question regarding the level of 
comfort to have their child undergo dental radiographs is listed as the last 
question on the post-questionnaire. 
The study protocol, pre- and post-test survey questionnaires and the 
informational handout were all approved by the Boston University Medical Center 
Institutional Review Board (BUMC IRB). 
 
 
Informational Handout 
The English-language informational handout is titled “Are Dental 
Radiographs Safe for Your Child?” The handout briefly describes the definition 
and the importance of dental radiography. It also provides a table comparing 
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radiation exposure from several activities with that of background radiation, 
based on effective whole-body dose (Table 2). The comparison table includes 
the following sources of radiation and was based on the following dose 
estimations: daily background radiation with dose estimated at 3 mSv (Mettler Jr 
et al., 2008); a cross-country flight, at 0.04 mSv (Friedberg, Copeland, Duke, 
O’Brien III, & Darden Jr, 2000; Mettler Jr et al., 2008); an intra-oral radiograph, at 
0.005 mSv (Mettler Jr et al., 2008); panoramic, at 0.01 mSv (Mettler Jr et al., 
2008); craniofacial cone-beam CT, 0.2 mSv (Mettler Jr et al., 2008) and chest x-
ray, at 0.02 mSv (Mettler Jr et al., 2008).  
 
 
Table 2. Radiation source vs. time of exposure to natural radiations. 
Sources of radiation are compared to duration of exposure to natural radiations 
(WHO, 2016). 
Radiation Source Time of Exposure to Natural Radiations 
Airplane 
(Cross-Country) 
4 days 
Intraoral 
Radiography 
Less than 1 day 
Panoramic 1.5 days 
Craniofacial Cone 
Beam CT 
Less than 5 months 
Chest X-Ray 3 days 
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The handout emphasizes that although the long-term effects of dental 
radiographs are incompletely understood; the unnecessary radiation exposure 
from dental radiographs can be minimized. The contact information of the 
Pediatric Oral Healthcare Center at BUGSDM is provided so that parents are 
advised to communicate if they have any questions or concerns regarding the 
information in the handout. The handout is two-sided, colorful and easy to read 
for parents/guardians.  
 
 
Statistical analysis 
 Data was entered into Microsoft Excel spreadsheet for statistical analysis. 
The responses were coded in a data dictionary. Descriptive statistics were used 
to summarize the survey responses. Results were expressed as bar charts, 
percentages and standard deviations from the mean. The pilot analysis 
presented in this paper is based on the preliminary data. Data collection is 
ongoing and further analysis such as univariate and multivariate will be 
conducted with the large sample. All calculations and graphs of data were 
created using Microsoft Excel 2013. 
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RESULTS 
During the study period, 32 parent and legal guardian participants at 
Pediatric Oral Healthcare Center were enrolled in the study. Two parents were 
excluded due to language barrier and inaccessibility to the investigator. A total of 
30 pre- and post-questionnaires were included in the analysis. Table 3 shows the 
distribution of demographic characteristics. Among the remaining 30 participants, 
83.3% (n=25) were females, with 16.7% (n=5) males. In addition, 83.3% of 
participants indicated to be enrolled in MassHealth insurance (Table 3). Among 
the participants, 73.3% reported to have had their child undergo dental 
radiograph(s) in the past. 
 
 
Table 3. Demographic characteristics. 
Demographics of Individuals in the Study (n=30) 
Gender, n (%)  
Female 25 (83.3%) 
Male 5 (16.7%) 
Race/Ethnicity, n (%) 
Caucasian 9 (30.0%) 
African American 11 (36.7%) 
Hispanic/Latino 6 (20.0%) 
Asian/Pacific Islander 3 (10.0%) 
Other 1 (3.33%) 
Insurance type, n (%) 
MassHealth 25 (83.3%) 
Other 5 (16.7%) 
Dental radiographs, n (%) 
Yes 22 (73.3%) 
No 8 (26.7%) 
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Knowledge of radiation risks and benefits 
 Before reading the informational handout, 12 (40%) of 30 parents 
answered not confident with knowledge of risks and benefits of radiation, versus 
2 (6.7%) of 30 after reading it. Also, 5 (16.7%) of 30 responded as very confident, 
versus 14 (46.7%) of 30 after reading the handout. The response for “somewhat 
confident” had a minimal increase from 13 (43%) to 14 (46.7%). Although the 
knowledge of benefits and risks was asked in two different questions, the 
reported change in the level of confidence was same in benefits and risks. Seven 
(23.3%) out of 30 participants reported two different level of confidence when 
asked benefits and risks of radiation. Parents indicated their level of confidence 
in understanding of risks and benefits as listed in Table 4. 
 
Table 4. Reported change in understanding of risks and benefits of ionizing 
radiation before and after reading handout. 
Reported change in understanding of risks 
Response Pre-survey: n (%) Post-survey: n (%) 
Not confident 12 (40%) 2 (6.7%) 
Somewhat confident 13 (43%) 14 (46.7%) 
Very confident 5 (16.7%) 14 (46.7%) 
Total 30 30 
 
Reported change in understanding of benefits 
Response Pre-survey: n (%) Post-survey: n (%) 
Not confident 12 (40%) 2 (6.7%) 
Somewhat confident 13 (43%) 14 (46.7%) 
Very confident 5 (16.7%) 14 (46.7%) 
Total 30 30 
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 The level of confidence for knowledge of risks improved for 10 (83.3%) of 
12 respondents. Nine (75.0%) out of twelve participants who responded “not 
confident” in the risks before reading the handout increased their level of 
confidence to “somewhat confident” after reading it (See Figure 5). One (8.3%) 
out of 12 participants who responded “not confident” in the risks before 
significantly increased the level of confidence to “very confident.” Eight (61.5%) 
out of 13 participants who responded “somewhat confident” in the risks before 
reading the handout increased their level of confidence to “very confident” after 
reading the handout (See Figure 6). 
 When asked about the level of confidence in benefits of radiation, 8 
(66.7%) out of 12 participants increased their level to “somewhat confident” after 
reading the handout (See Figure 5). 16.7% reported the change in the level of 
confidence to “very confident.” Seven (53.8%) out of 13 participants who 
indicated as “somewhat confident” increased their level to “very confident” after 
reading the handout (See Figure 6). 
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Figure 5. Change from “not confident” in risks vs. benefits. 
 
 
 
 
Figure 6. Change from “somewhat confident” in risks vs. benefits 
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Level of Comfort 
 When asked both before and after reading the handout how comfortable 
they were to have their child undergo dental radiograph recommended by their 
dentists, parents responded as listed in Table 5. The level of comfort increased 
for 10 (33.3%) of 30 parents and did not decreased for any respondents. In 
particular, two (50%) of four respondents who indicated “not comfortable” 
increased their level to “somewhat comfortable” after reading the handout (See 
Figure 7). Also, one (25%) of the four respondents increased the level of comfort 
to “very comfortable.” The change in “somewhat comfortable” to “very 
comfortable” has shown in seven (41.2%) of 17 respondents. In figure 7, ten 
(58.8%) of 17 respondents did not change their response from “somewhat 
comfortable.” No parents refused or requested to defer the child’s dental 
examination after reading the handout. 
 
 
Table 5. Reported change in level of comfort with using dental radiographs 
before and after reading handout. 
Reported change in level of comfort 
Response Pre-survey: n (%) Post-survey: n (%) 
Not comfortable 4 (13.3%) 1 (3.3%) 
Somewhat comfortable 17 (56.7%) 12 (40%) 
Very comfortable 9 (30.0%) 17 (56.7%) 
Total 30 30 
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Figure 7. Change in level of comfort. 
 
 
 
Level of Concern 
When asked if parents still have concerns regarding the dental 
radiographs after reviewing the handout, they responded as listed in Table 6. 
After reading the handout, 25 (83.3%) of 30 respondents reported that they do 
not have concerns regarding the dental radiographs.  
 
Table 6. Reported change in level of concern after reading handout. 
Reported change in concern  
Response Number (%) of parents  
No concerns 25 (83.3%) 
Still have concerns 5 (16.7%) 
Total 30 
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Informational Handout 
 When asked if the educational handout was helpful, parents responded as 
listed in Table 7. The change in the level of concern regarding the dental 
radiographs was similar to the reported helpfulness of the handout as described 
in the preceding paragraph, with most parents reporting the informational 
handout as helpful. 
 
Table 7. Reported helpfulness of the informational handout. 
Helpfulness of the handout  
Response Number (%) of parents  
Yes 29 (96.7%) 
No 1 (3.33%) 
Total 30 
 
 
 
Possible Alternative: Smartphone Radiation 
 When asked about their perception of radiation produced by electronic 
devices, parents responded as listed in Table 8. Before reading the handout, 23 
(76.7%) of 30 respondents believed that electronic devices such as smartphones 
emit harmful radiations, versus 26 (86.7%) of 30 after reading it. 
 
Table 8. Reported understanding of radiation from electronic devices. 
Radiation from electronic devices 
Response Pre-survey: n (%) Post-survey: n (%) 
Yes 23 (76.7%) 26 (86.7%) 
No 7 (23.3%) 4 (13.3%) 
Total 30 30 
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DISCUSSION 
This study sought to educate parents or guardians of the patients in the 
Pediatric Oral Healthcare Center and determine parental willingness for their 
child to undergo dental examinations after reading an informational handout. 
Overall, there was an increase in confidence in understanding and comfort in use 
of dental radiographs in post-test results compared to pre-tests results. Initially, 
only 16.7% of parents felt very confident about risks and benefits of ionizing 
radiation. Before receiving the informational handout, a large proportion of 
parents (83%) did not feel confident or somewhat confident with their knowledge 
of risks and benefits of ionizing radiation. However, a moderate portion of parents 
(93.4%) felt somewhat or very confident about the risks and benefits afterward. 
The level of confidence in knowledge of risks increased for 10 (83.3%) of 12 
respondents who felt not confident and for 8 (61.5%) of 13 parents who indicated 
somewhat confident beforehand. Also, the level of confidence in knowledge of 
benefits also increased for 8 (66.7%) of 12 parents who felt not confident 
beforehand and 7 (53.8%) out of 13 parents who felt somewhat confident 
beforehand. The pre-test prevalence of parental awareness of potential future 
risks of ionizing radiation is greater than other comparable studies. Larson et al. 
(2007) found that only 13% of parents recognized the possible malignancy risks 
of radiation. After reading the handout, most parents (96.7%) felt somewhat or 
very comfortable with using dental radiographs on their children. Therefore, 
although parents do not generally realize the potential future risks and benefits of 
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ionizing radiation, a brief handout (which is short and easy to read without the 
presence of dentist) can be seen as a helpful resource in improving parental 
knowledge and relieving their concern.  
The finding that the informational handout was helpful in understanding 
benefits and risks of ionizing radiation and improving parental level of concern is 
of important clinical significance. Our results are reflective of past studies, where 
studies have found a greater level of awareness and comfort after reading a brief 
handout (Boutis et al., 2013; Larson, Rader, Forman, & Fenton, 2007). Providing 
parents with comparison of radiation dose with natural background radiation did 
effectively change parents’ willingness to allow their children to undergo dental 
radiograph and raised their level of comfort. The level of comfort increased for 3 
(75%) of 4 parents who initially answered not comfortable and 7 (41.2%) of 17 
parents who reported somewhat comfortable beforehand. Only 3.3% of parents 
felt not comfortable with using dental radiographs on their children. This finding 
parallels with a comparable study by Boutis et al. (2013), in which approximately 
90% of families preferred to be informed with potential risks before proceeding 
with medical imaging procedures. Even when parents were notified with 
increased risk of cancer, parent’s willingness to proceed did not change (Larson 
et al., 2007). Furthermore, no parent refused to allow his or her child to undergo 
dental radiographs after reading the information.  
The finding presented in this study are important because dental 
radiographs remain the most common artificial source of ionizing radiation for 
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population in U.S. (Claus et al., 2012). In a study by Mofidi et al. (2002), parents 
of children enrolled in Medicaid were highly concerned that dentists do not 
provide the information needed to ensure their children have good oral health. 
Also, Choi et al. (2008) indicated that 73% of African Americans reported that 
communication from their dentist was rare and that they wanted more information 
about potential future risks of oral cancer examinations. More importantly, these 
participants also reported that that oral cancer examinations possibly were being 
conducted without any explanation by the dentist (Choi et al., 2008). In 2006, a 
survey of pediatricians reported a sustained increase in parent questioning 
regarding radiation doses since 2001 (Thomas et al., 2006). When parents asked 
if they can keep the handout, we introduced them to a mobile application called 
“Medical Imaging Risk” that is available to download on App store. This 
demonstrated that parents were eager to receive more information regarding 
medical and dental imaging radiation and risks.  
Hartwig et al. (2013) reported that parents prefer to receive information 
through Internet resource or pamphlet rather than a bedside consultation with a 
health care provider. Similar to this results, Boutis et al. (2013) found that 54% of 
the parents reported knowledge gains from the media or Internet. However, 
communication and discussion from their health care providers is becoming more 
common (Boutis et al., 2013). Communication between dental care providers and 
patients can improve oral health outcomes (Yamalik, 2005). Our findings indicate 
that the level of comfort increases with the effective education and interactive 
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discussion between the staff and the parents. Therefore, it is important to 
emphasize the role of healthcare professionals in initiating conversations with 
families and effectiveness of dentist-patient communication regarding the risks 
and benefits of medical imaging methods.  
 
 
Strengths and limitations 
 To our knowledge, this study provides the first assessment of parental 
knowledge of risks and benefits of dental radiographs in the pediatric dental 
setting. However, this study presents three important limitations.  
First, the present study has a small sample size and all of the participants 
were enrolled from the Pediatric Oral Healthcare Center at BUGSDM. This is 
largely due to the language barrier we experienced when recruiting participants 
at another site. The small sample size contributes to limitations in our statistical 
analysis. The continuation of this research topic with larger sample sizes will lend 
towards greater ability to conduct a multivariate analysis and investigate 
secondary factors that may contribute to understanding of dental radiology. 
 A second limitation to this study is that both questionnaires and the 
handout were written in English. Parents were able to communicate in English; 
however, they were may have been unable to read and write. Study results 
showed oral health literacy to be associated with knowledge, dental care visits, 
dental caries severity and oral health–related quality of life (Gong et al., 2007; 
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Jones, Lee, & Rozier, 2007; Miller, Lee, DeWalt, & Vann, 2010; Richman et al., 
2007; Sabbahi, Lawrence, Limeback, & Rootman, 2009; Sheida White, Chen, & 
Atchison, 2008). Limiting our study to English speakers also makes it so that we 
were unable to investigate the present study question in a non-English speaking 
population – a population that may experience especially profound barriers to 
communication with medical professionals. Future studies are needed to provide 
surveys and then handout in various languages to accommodate the broader 
patient population. 
 Finally, we were unable to utilize patient records in this study. Therefore, 
there may be parents who participated in the study who have been previously 
exposed to patient education on dental radiographs. Because we did not utilize 
medical history records, we were unable to ascertain how frequent the 
participants have been exposed to radiographs in the past. 
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Implications for future research 
In conclusion, our results support that educating parents and caregivers 
about the potential risks and benefits of pediatric imaging using an informational 
brochure or smartphone application may improve their attitude and willingness 
towards pediatric imaging. Also, it increases the level of comfort and confidence 
among parents. This study provides evidence that when performing dental 
radiographs on children, dentists should consider informing parents regarding the 
risks since this does not change parents’ decision for their children to undergo 
such procedures. We believe such information should be presented to parents 
and families of the patients routinely. 
The results of this study points toward the importance of further research 
on the effects of both communication from dentist and the handout on pediatric 
oral health. Large-scale prospective longitudinal studies would be instrumental in 
establishing the possible role of parental education as a supplement for 
subsequent pediatric oral health and the clinical manifestations that come with it.  
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APPENDIX 
Appendix 1. Verbal consent form. 
 
Recruitment Script: 
Excuse me, Sir/Madam, do you have a minute? My name is  ______________. 
I work here in the Pediatric Oral Health Center on a research study with Dr. 
Athanasios Zavras, the Chairperson of the Department of Pediatric Dentistry at 
Boston University Goldman School of Dental Medicine. We are conducting a 
survey study about dental radiography. It involves only a short survey that takes 
about 5-10 minutes to complete and can be filled out while your child is waiting 
for the appointment or while getting treatment. This is a completely voluntary and 
anonymous study. 
 
Would you be willing to learn more about this study? 
☐ YES: Ok great! 
☐ NO: Thank you for your time! 
 
If YES, we thank you for your interest in the survey study. We are conducting a 
short survey to find out about parents’ awareness with regard to dental 
radiography and provide some educational information about it. This study is 
completely voluntary and anonymous. We will not collect any personal 
information from you. We will not take too much time, as this is a short survey 
study and should take about 5 – 10 minutes totally. First we will ask you to fill a 
5-question survey about dental radiography. Next we will give you some 
educational information using a flyer. Lastly we will ask you to complete a 5-
quesiton post-survey. There are no risks to participating in this study. Whether 
you choose to participate or choose to not participate, please note that your 
child’s dental care will not be altered or affected. Your child will continue to 
receive equal treatment as our other patients. If you have any questions or 
concerns at any time you can contact the Principal Investigator of this study Dr. 
Athanasios Zavras at 617-638-4683. 
 
Do you consent to participate in this study? 
☐ YES: The participant completely understands the details of the study and is 
willing to participate. 
☐ NO: We thank you for your time! -- The participant has declined to participate. 
 
 
Today’s date: _______________              Signature of study investigator 
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Appendix 2. Pre-Questionnaire. 
 
Are Dental Radiographs Safe for Your Child? 
Pre-Questionnaire 
 
Date_______       Patient ID #_________   Parent’s Gender____M_____F_____   
Parent’s Race/Ethnicity__________          Insurance Type___________ 
1. Has your child ever had a dental radiograph(s) before?         YES       NO 
2. How comfortable are you with using dental radiographs on your child? 
Not comfortable             Somewhat comfortable                Very comfortable 
3. How confident are you about your knowledge of benefits of radiations? 
Not confident                  Somewhat confident                    Very confident 
4. How confident are you about your knowledge of risks of radiations? 
Not confident                  Somewhat confident                    Very confident 
5. Do you think that electronic devices such as smartphones produce 
harmful radiations?       YES          NO                                                                                                 
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Appendix 3. Post-Questionnaire. 
 
Are Dental Radiographs Safe for Your Child? 
Post-Questionnaire 
Date_____       Patient ID #__________   Parent’s Gender____M_____F_____   
Parent’s Race/Ethnicity___________          Insurance Type________________ 
1. Has your child ever had a dental radiograph(s) before?      YES      NO                       
2. How confident are you about your knowledge of benefits of radiations? 
Not confident                  Somewhat confident                    Very confident 
3. How confident are you about your knowledge of risks of radiations? 
Not confident                  Somewhat confident                    Very confident 
4. Do you think that electronic devices such as smartphones produce 
harmful radiations?  YES          NO 
5. Did this educational material help you understand more about dental 
radiographs?            YES          NO 
6. Do you still have concerns regarding the dental radiographs?   YES     NO                    
7. How comfortable are you about dentist using dental radiographs on your 
child for treatment? 
Not comfortable             Somewhat comfortable                Very comfortable 
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Appendix 4. Informational Handout. 
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Appendix 4 (continued). Informational Handout. 
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Appendix 5. Screenshots of Medical Imaging Risk Mobile Application. 
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